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Summary  In  this  work,  the  design  of  an  adaptive  noise  canceller  (ANC)  ﬁlter  is  presented
using modiﬁed  cuckoo  search  (MCS)  optimization  technique.  The  proposed  scheme  is  applied
for de-noising  of  ECG  signals.  Our  simulation  results  reveal  that  the  ANC  ﬁlter  based  on  MCS
algorithm  provides  superior  performance  than  other  optimization  techniques  used  to  enhance
the ECG  signal.  The  performance  of  ANC  ﬁlter  is  compared  with  other  reported  algorithms
by evaluating  the  ﬁdelity  parameters  such  as  the  signal  to  noise  ratio  (SNR),  maximum  errorME;
HHT
(ME) and  mean  square  error  (MSE).  The  proposed  ANC  ﬁlter  design  with  MCS  scheme  gives  18%
improvement  in  output  SNR,  87%  decrease  in  ME,  and  85%  reduction  in  MSE  over  the  recently
reported Hilbert  Huang  Transform  (HHT)  technique.
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ntroduction
lectrocardiogram  (ECG)  signal  is  an  electric  signal  gen-
rated  in  heart.  It  picks  up  electrical  impulses  generated
y  depolarization  and  polarization  of  the  four  chambers
f  heart.  There  are  various  types  of  noises  in  ECG  signal
ike  electrode  contact  noise,  power  line  interference  etc.  In
erms  of  frequency,  noise  can  be  divided  into  two  categories.
1)  High  frequency  noise  caused  by  power  line  interference
Taralunga  et  al.,  2015),  electromyogram  (EMG)  generated
rom  chest  wall,  and  mechanical  forces  on  electrodes.  (2)
ow  frequency  noise  i.e.  baseline  wander  caused  by  the
icle under the CC BY-NC-ND license (http://creativecommons.org/
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iFigure  1  Noise  can
espiration  or  the  movement  of  the  patients  or  the  instru-
ents  (Xin-She,  2010;  Rahman,  2010).  Noise  in  ECG  signal
s  reduced  by  an  adaptive  ﬁlter  (Diniz,  2008;  Widrow  et  al.,
975)  which  act  as  adaptive  noise  canceller  ﬁlter  (ANC)  due
o  its  self-learning  technique  making  it  capable  of  altering
ts  coefﬁcient  to  minimize  error.  In  Fig.  1,  z1(n)  and  z2(n)
re  high  and  low  frequency  noise  which  are  generated  in
ATLAB.
It  may  be  noted  that  the  z1(n)  and  z2(n)  are  correlated
ith  z(n)  but  uncorrelated  with  a(n).  The  reference  noise
1(n)  and  z2(n)  are  fed  to  ANC  ﬁlter  to  produce  output  b1(n)
nd  b2(n).  The  error  signal  e1(n)  is  computed  as  the  differ-
nce  of  q(n)  and  z1(n),  which  is  fed  back  to  ANC  ﬁlter  in
ach  iteration  which  will  continue  till  e1(n)  or  the  high  fre-
uency  noise  is  minimized  in  ﬁrst  stage.  The  output  signal,
(n)  +  z′(n)  containing  low  frequency  noise  is  given  to  second
tage  of  ANC  ﬁlter  where  the  error  signal  e2(n)  is  computed
s  the  difference  of  a(n)  +  z′(n)  and  z2(n).  The  ﬁnal  output
ignal  (a′(n))  is  nearly  equal  to  a(n).
esign of adaptive noise cancellation using
CS technique
NC  is  usually  implemented  using  two  types  of  gradient
ased  algorithms:  Least  Mean-Square  (LMS)  (Hong  et  al.,
006;  Rahman,  2010)  and  Recursive  Least-square  (RLS)  (Rani
t  al.,  2012).  We  formulate  the  ANC  problem  as  an  optimiza-
ion  work  so  that  the  probability  of  encountering  the  global
ptimum  is  maximized.  In  comparison  to  other  optimization
lgorithms,  the  MCS  provides  advantages  of  faster  conver-
ence  rate,  simplicity,  strong  global  search,  few  adjustable
arameters,  and  ease  of  implementation  (Valian  et  al.,
011;  Walton  et  al.,  2011).  At  each  iteration,  we  have  to
nd  the  MSE  for  each  particle  as:
SE  = 1
M
M∑
j=1
(ejk(m))2 (1)
here  ejk(m)  is  kth  error  of  jth  particle  and  M  is  the  total
umber  of  samples  of  applied  input.
It  may  be  observed  that  the  MCS  gives  a  range  of  possible
olutions  in  a  single  iteration  cycle.  The  design  procedure  of
he  ANC  ﬁlter  is  as  follows:tep  1:  Set  the  number  of  nest.  Nest  is  different  solutions.
Here  it  is  20.  The  probability  is  set  with  discov-
ery  rate.  Set  stopping  criteria,  which  is  either  ﬁxed
A
0
K
iation  based  on  MCS.
number  of  iteration  or  the  tolerance  value  which
is  already  predeﬁned.  Set  number  of  dimension
as  3.
tep  2:  Generate  n  different  nests  for  obtaining  n  different
solutions  randomly.
tep  3:  Find  best  nest  corresponding  to  minimum  value  of
suitability.
tep  4:  Start  iteration,  generate  new  nest  by  Lèvy  ﬂight
(Fister  et  al.,  2014;  Roy  and  Chaudhari,  2013)  but
keep  the  current  best.  A  Lèvy  ﬂight  is  performed  by
the  equation:
xi(t  +  1)  =  xi(t)  +  ˛  ∗  Lè  vy() (2)
where  ˛  is  the  step  size  and  is  linked  to  the  size
of  optimization  problem,  * is  entry  wise  multiplica-
tion,  and  Lèvy  ()  is  Lèvy  ﬂight  distribution.  Lèvy
ﬂight  distribution  is  deﬁned  as
Lé  vy  ≈  u  =  t− 1  ≤    ≤  3 (3)
For  large-scale  search  space,  Lèvy  ﬂights  are
better  than  Brownian  random  walks  because  the
variance  (2) parameter  of  Lèvy  ﬂights  increases
at  higher  rate  than  Brownian  random  walks  case.
Variance  of  Lèvy  ﬂight  distribution  is  given  by:
2 ≈  t3−ˇ 1  ≤  ˇ  ≤  2  (4)
where  ˇ  is  scale  factor,  controlling  deviation  of
other  solution  of  search  space  from  cuckoo  egg.
tep  5:  Compare  the  old  suitability  with  the  new  suitability
and  replace  old  suitability  if  new  ﬁtness  is  better
than  the  old  one.  Update  the  best  nest  correlating
to  ﬁtness.
tep  6:  Repeat  the  above  process  until  some  stopping
condition  is  achieved  giving  the  best  ﬁtness  and
corresponding  best  nest.
Controlling  parameters  for  CS  are  NS,  Max.  number  of
terations  (NOI),  ˛  and  pa1.  In  order  to  reduce  the  MSE  of
NC  ﬁlter,  the  values  of  NS  and  pa1  are  taken  as  25  and
.25,  for  the  CS  technique  (Fister  et  al.,  2014;  Kamat  and
aregowda,  2014).  The  value  of  NOI  is  taken  as  100  with  ˛  =  1
n  our  simulations.
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Figure  2  (a)  Corrupted  ECG  signal,  (b)  motion  artefacts,  (c)  signal
ﬁltered through  MCS.
Table  1  Fidelity  parameters  calculated  for  LMS,  HHT  and
MCS.
Parameters LMS  HHT  MCS MCS
Input  SNR  (dB) 12  12  12
Output  SNR 20.21  21.64  26.43
a
E
d
c
p
R
D
F
H
K
R
R
R
S
S
T
V
WME 4.46  ×  10−2 3.34  ×  10−4 4.32  ×  10−5
MSE  4.32  ×  10−3 2.6  ×  10−4 3.76  ×  10−5
Simulation results
Let  us  calculate  the  performance  parameters  of  ANC  utiliz-
ing  MCS  technique.
SNR  (dB)  at  input  :  SNRdB =  10  log10
(Spure)
2
(Snoisy −  Spure)2
(5)
SNR  (dB)  at  output  :  SNRdB =  10  log10
(Spure)
2
(Sfiltered −  Spure)2
(6)
Mean  square  error :  MSE  = 1
N
N∑
i=1
(Sfiltered −  Spure)2 (7)
Maximum  error  :  ME  =  |(Sfiltered −  Spure)2| (8)
where  Spure is  the  pure  ECG  signal,  and  Snoisy is  the  noisy  ECG
signal  which  are  combined  to  get  Sﬁltered as  the  ﬁltered  ECG
signal  at  output  terminal.  The  various  ﬁdelity  parameters
evaluated  for  the  HHT  (Song  et  al.,  2011;  Soorma  and  Singh,
2014)  and  MCS  is  given  in  Table  1.  The  proposed  algorithm
achieves  18%  higher  output  SNR,  87%  decrease  in  ME,  and  85%
reduction  in  MSE  HHT  technique.  Therefore,  the  proposed
technique  gives  appreciable  improvement  (Fig.  2).
Conclusion
In  this  work,  we  have  designed  ANC  ﬁlter  using  MCS  tech-
nique  to  reduce  the  noise  present  in  ECG  signal.  The
simulation  results  illustrate  the  superiority  of  the  given
method  in  terms  of  improved  values  of  ﬁdelity  parameters
like  SNR,  ME,  and  MSE.  A  comparative  study  of  the  MCS
W
X ﬁltered  through  LMS,  (d)  signal  ﬁltered  through  HHT,  (e)  signal
lgorithm  has  been  made  with  that  of  the  HHT  method  for
CG  noise  reduction.  From  our  simulation  results,  it  is  evi-
ent  that  the  given  ﬁltering  of  ECG  signal  using  MCS  scheme
an  be  a  superior  alternative  approach  for  ECG  enhancement
rocess.
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